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(54) METHOD AND DEVICE FOR INSPECTING FOREING MATTER 

(57) Abstract: 

PURPOSE: To enable a generative state of foreign 
matters on a semiconductor substrate to be detected in 
a real time, by detecting the foreign matters generated 
in the mass production starting stage and line of a 
semiconductor manufacturing process, by analyzing 
th m and dealing with them. 

CONSTITUTION: A foreign matter inspecting equipment 
in the mass production starting stage and line of a 
semiconductor manufacturing process is provided with a 
group 10 of semiconductor manufacturing apparatuses, a 
sensing part 20, a sampling part 40, a detecting part 50, 
an analyzing part 60, and a corresponding system 70, 
etc. In the mass production line of the manufacturing 
process, the size of the foreign matter inspecting 
equipment is reduced, and thereby, the equipment is set 
on the input or output of a processing apparatus of the 
semiconductor manufacturing line or on a carrying 
system between the processing apparatuses of the 
semiconductor manufacturing line. Also, especially, in the 
detecting part 50, an apparatus, which detects the foreign matters on a repeated pattern part 
formed on a wafer, is constituted by a lens array of a variable refractivity type, a spatial filter 
and a pattern information removing circuit. Thereby, the foreign matters on the wafer which is in 
the course of its carriage are inspected, and they can be detected in a real time. 
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[43ffF!f5R©$EB] 

So 

5*>©ffiS©*tt31Ss«©APs SfettRffiP^ *feti 

»ft»jt$** c tznmtirzm am 2 g3tt©*$** 
tui-a i *<*iit«B*a 2 f3«©*#{*MMx;fi 

±fc«^-r*««©tt«««ft«ta bT^©{£Btit$B£ 

©*#(*« JBig 1 43 ft 5 M«^£tt3EJ*ff&S. 
[It*il7] ±I3JI% ; e^*y>^$IB©£ra:7^;i^ 
B\ JB« *H RllBfc »S b fc £ fc i: * 4 

#r£SB. 

>X£; bT b >X7H' Sfe{i"9"f 4> □ P VXPtf&Hi 
1/ >X©7- 1; :n|Sfcjgfc E«£fifca»IHl7 -f fclft 
tB U > X©tefcfft B C IEB $ ft fct&tb§§ i: £d T 

tM)c©^£B©ia©tti£ft£8S:BU ±IB#H&*=* 



(2) 4WF5-2 18 163 

W^Bo 

T N bTa(S^ST-¥a«T-itiS«© 

zmwmt, mmmmz «t otisa^tife 
*2»f$a«^?>©s»^*^-rs^#^isi:, b 
jgifote**©^* t *mwmmr±©« •? s - 

^nt(f ^©rt*«{*a«±T-^ & s bT^-r *{g*» 

*»-3fce^fcisv^T*iwiK»«±©»»fttfta-r*i!« 
^m^s tzmztiz tzftrnttz mmtk^&o 
im&mi o] ±Ett«yfc**i:bT, a«r**Yb£!© 
u>xTu-f -e*«bfccfcft»ai:i-«ai#j@9i3* 

©#t4«fcStg£B. 

[fifsRJHl 1] *»<**tgft3f^©*lfl!C8f»**6» 
BUs3^<*:a«±©i|S5igb^^ — >*^©IHff* 

■y-i:, K , J-T-b>'y-T-^idi$nfcM^©rt*j»<*»« 

*?WMMR±©a»fttftHi-r*ci:*W«4:t-**«Wft 

[*W©l¥iHB«:S5iW] 
[0 0 0 1] 

[^*±©#iJffl^-B] #359§fciu ^^StjfixS©S£ 

8aw*f#atsv*©«« N *fci±*?WMS«±©««i& 

[0 0 0 2] 

[t^*©ttffi] ^©^^sjgxg-ett^^ats 

*^5 0 ine>©»»tt*as»«©«[iM95*>6iB4-r* 
^*BrtTSjiti!^ja*nfe4»©*3iia^'«»iSft«A 

$^^TV^i)^)©55:i:*©a'^?©/SH{3«t !3«^©tt^T-ig 

[0 0 0 3] ^©CCfiO^aW^affiiC^ft^m 
tSMClotbT, ^MBS6 2-8 9 3 3 



(3) 
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s*n&»&©tta3fe**Wiu jSfiu^abfePi-sa^ 

Hfc-TSfcOiftK ^PSBS6 3- 1 3 5 8 4 8^45; 

$gC58^£;fc,TVN.g><fcd£, JHHttttLhCl/- tfftHS 

4»»o»6<D«fa,3t4«au c©$fcmb£Htiftb- 
R) ^©^wsarea-W*-**©* 1 **. 

[0 0 0 4] 

& ttatgB<z>iaffi t i* *» & a,t- #*«©&£ 

[0 0 0 5] Chtt, «£*ft®©^SM«A s ^^V>a^ 
K«*«PIHI*«<*»*D, cnfe©«e*«E«*fflV^Tll 
sasfafcBU ;*^i«ft^Bft2&^ < 

[0 0 0 6] LSI V>mm±L±.\f<D3EMitM<Do *>© 1 

Sttf&tK *ftfctt$S£#Mfc*«fttiibT7GJMi&£*«- 
trrS£fc#»£eH##©*&£##*t>fcfca. - 
^^ Il7-f>fli, cft£>©^!!©$S£ftv^ifK!^ 

tt*T?l$MMS«bfc»^*&©«£Rtt:*S < * t)* 

Hf!)$g£*> 6 *©«8»1 * T* £D,^iSB$P^ ft «»-r £ - t # 

[0007] *^w©aw(±s jos^boap* ttz& 
mma, «»©«iass©M©«^«{ci8!«b 



^ttiwswwi&R ©isb ft«<£-r srttss. 

[0 0 0 8] 

[Rffl£8¥&-r3fe»©^!£] *»ifi©«fi?'f >K43 
(MBit 5 -f >©SDaSEB©Am*P**v^t±Ma«EBKI 

©»a»(fK*«-e*s«t-5c*fiRb&. in%**w 

WC. I8^71/'f*?,^»Mi:l'>X7I/^S 

B**»©7 - U 3iB«liacgBB3n&SM7 4 4: 
±ffi<SB3te**©teBffiBCBSB*nfc«tB«i:*ffltil. 

T*»f*»s±©sf3©^*«?aft^mi-5^ti^-^ 

<J>^Bft, RffS©^S^B©AP, £fcfcfc§£aiP> 
* & tt««©ffl«S&B© M ©»&* fc aSB b T 
B£ i «d6tR±©««B©»^tt»&«tB-r £ - t 
ft £ ? Z *«KMttaxg 1 43 ft 4 JMW6£ttS»*f 
^BT-fe?>, 

[0 0 0 9] *fSiBfcJU *aW*««±©S»*l* 

**-4SSfifc*5V»t\ ^flMMMRfcttbTKKJfiifcftt; 
¥B^Tie^©Jl^t:^wrs^W3Si:x RJBHIIRfc 
J;r3THRra$n&*SMMfeR*»&©S»3fcffeft«eB-r« 

effete** a:, mm&ft¥m<D&#iz*mimm±<Dm 

«t o x m& $ n& A 1 o feft ^ t: av * t *##2s«±©ii 
t»ft tftaf »*jtftm#S! fcftfit^fe^tftiif^h-rs 

B^ci5V^T, ±SB|g*3l6**i:bTJa«r¥9Efta©U> 
X7H , fMLf;Ct^«[J:t5t)OT$| 1 . 
[0 0 10] 

Tf**l»t)fi»b«ffctftSE, ffFffiCiMBftMfebTiSOS 
©Bffl*J;W«a£, ?Pffi^S1-?.B#fflft®.ffi-rSJ:o{c 
^ttt:(iS^5i:±(fB#©ffFffiAsp3«s jBJ&caBtr 

t 1 A ft ffl T Htt©*B£KB ft bT«*4A^B$ 

©iSsS»* s ^ti-€-lx©«*4 N llft^^-H 
>^ ^ ^tvT^fi b-^f v> 7"P -b7(5tt«4«IC^ b 

>©t*4s ffFffi©tt«# 5 fc^Jffl snJWJOJSft b-^f 
v^ffliBf fc t&R fc: fc T *aWM6tR±© R** - * ft ttB 
bfc>), ^fflBfol*^©**©**©***^^^* 



[ooii] ±%&(D£.5iz&m5.±if<&tmm ; 7'{ >£ 

©««E, flMBBOT*jBB*'hlK©««&*=* U >^«E 

[0012] *fcs *fwa«D±ia«*5^ ><D=e=.*v 
ttffi-r«*stt»e>nrv>4. ;i©#iSttw*fct*tbe 

^B£li:g-f S ±T-$?SP-&& ' i: &Mti e> fit ^& 
v>o ££tc, £©^©*=*tt*?!WMHR±©£:T© 

[0 0 13]»5SU^->ttt, 3b-U>f*l 

^*ft-*i:$)Siw«©^[pic^it^A s itffi-r?>c -r&b 
% y j eu©»-&i±i» Disuse 6»«©*iqucwa-j- 

[0014] ±to¥mx#9#mxu&D&9 5 #iei±-r 

Lfco ffcfett, «»©ffl«tt»*fc*(i«-i-S *>©£**. 
»*««Tf ttsS»«j«t««S©*JD*«ja?Si: 5 s Jg 

fctK ffl^f&©^&#sg£-r3£fcfc:&s. -r^t>*»s 

SB5-f >^ttJI#j©S8£fc^%¥<*»b#**Jli-*- 
jBSi** !K JMWB**»6JMM8*©«»I*tM*BI#a 
Ml bfc»^ft©»^»tt** < & *J *® ») ttTtfi.. 

iifot, A«ft£*£>*©f^£?©^ftM&&i§-f 
»> N =e-4ra>v>-7v>ir*'{ &*m<irzzt, mm 

[0 0 15] ££lc % ^*«MT*(i*z»ft:a«^Jfe§Sl 
oT8«EbT#»K £©Wfctt**f*a«±fc*rfc*JI 



iKfi8¥5-2 18 16 3 

*fsu8 c <t iwti^Et- nx e. * 

#® 5 <£T 4) & < 1" C £ &X £ S . 
[0 0 16] 

immmi m i tt*«^«3txg©»iA±H';&tJM 
5* >©s»&aE#8taiF*©sw©«jEK:rci * *h© 

[0017] HI ££^T, £©*S««K3iXg©«g 

i±(fsvss7>f xoimtammt* imh i 

4t^^8H 5i:CVDgf 1 eV^&jAS^NV 

ttsait^sp i o i: s siK-fe >u- 2 1 tmmm^m^ 

-*2 2 tmti-t >it 2 3 i:«!S««rtJM»^=* 2 4 
5>^2> -fe > > ></SP 2 0 *5J;V-£©-fe > i> > <7*gpa 
>hu-;i/->^rA2 5i:, ^«*&S5 3 1 fc2fc«*e» 

<^x^4 1 h#*1t>:/U >y^xA42 

>^'>i>'\4 3 i;5 ; ni'^e7aiy'N4 4 i:#ffl^,-9- 
>7"'J ><7*<7ol,>\4 5*»&Ji841t > 7* U >^SB4 0 

s«ktH«5 0i:x 7£&Mm?mffl.m (sem) 

(SIMS) 6 2£j£&fcb>*)m 

tsm/frftmw. (stm/sts) 63 tmftftftfrm 

fA7 1 i:«/MI»J»H?EW'>^7 l A7 2 fctSSsa^JR 
i^^lxl 3 A 1 Oh&VmMZ 

ns. *fc;ift£©$fi&gfSiti7'f >^©^>^-f > 

*T*»f«HJtxS©«*iC±tf*JitJ t ««7>f >*«S 

[00 18] bfe* s oTs 0fc:^-r«tot, fiffiS:±if 
T*fflv>e.tv?>S^©^^ Mi9:(14^S«'hPS©^{S 

^^^^ >j >^scbtti7'f >©!gs^* s i2ie>n 

^> o 

[0 0 19] Jfct, >S««->XrA8 1© 

^>7-f ^^E-^fftSaS^WM^-^ 2 2 fc^Q-a 
§Bl*0g^-* 2 4{Cr^V^Ts — HflBWft^-r. 0 2 

<*4MM*sii&a$ i o©4>T-t.#t^:a^a©^v^ 

l o l £®fflbfe#iJ"T-;&2.. M^^e-^ l 0 
1 S:#1-SD-y 1 0 2 i:^d^l 0 3 fcSftJS 1 0 4 
hiDfVgBl 0 5t^->XrAl 06i:a>hD-7l 

0 7 i:±{iLCPU 1 0 8fr&«J5R*ftT^S. n-^SP 

1 0 2CI*nfen-y*-by h 1 0 9*^^fig^l 0 
3K8fi>>x;M 1 1*«3IU 1 2 4 
Mb, ^ffltsSl 0 3£gMH-T3. y-hn;^l 



(4) 



(5) 



«fPi¥5-2 18 16 3 



1 3*B3W\ ^{iSl 0 3tfifSil 0 4©®S^x;n 
1 1 1&3SEJ3IU ^-WWXl 1 3£Bflb, £JE&£1 

0 4TJffll*fiR*IBSei-4. It^tfigl 0 3^ 
^JEfcMU 7-b^Xl 12*B8tt, Sffl^i-'M 

4^% m®^-* i o itisji)x^i i i±<Dmmz 

■WTa. y-h^ri 1 2ifiiK[C»**=* 1 0 1 

[0 0 2 0] &{C, S^-i' 1 0 l©«J5££o^TEl 
3 ±»>l&i|li*-S. 1 0 loMMfclEH 

sefflntia^fc^x^iite^ia^tBsi 2 1 1^ 

1 1 lCD2T'j7 5©*|qI*«aiU Sp°p^xA1 1 1© 

SSffi^i^l 1 l±©M^*S^BK:*VATfT-5. & 

1 0 1 £ t>ft&ftfe59^ffi&jl«Stltfl^ 
1^12 3T«U »«©»«»^* s *n«» 77- 
A«T!*q£>#*, fc£V>i±$g«?±«jgl 2 4lc«tDi6 
B*#l 2 5%{$±-tZ>Z£&X-%Z>c 3r-#- 
F 1 2 6tCRT 1 2 7CJi»)»«aaS*ff«:'5. 

ji^)bm^>*^a 1 2 8 k'aato*ftT*&, 5 s —* 
ssa^^M 1 io^hu. am, it>7u>^au^ 

2 3<t tJ^n^O^-^SffSC^^T-i-So ZZX\ 
Hmn^-* l 0 lT-tts MM*Eb3fe3t* 1 2 2fct#i^ 

2 3fcB3M*CJ5fcoT*?K 

awtewtrc**. bfe^t, ^m®*-* loi© 

(*k feSV^fct, &m%0^=-# 1 0 1 ©tgWA^x^©*! 

10 1ft, g»«m«ltfe**bt:*»)x SiJtSBRS 
Sl>*xfIP^-fMS^x^«a©SW** s M^S©-C% S 
ftWSSttttWU ^^UJ3te^m©!^^SH7>f- 

hv * «» * -r s d 1 1 «t u *f x- & , #> ^ z o & m iE & & 

gtb&v^ mW8ttiiyb¥mi 2 2©&fcHl/> 

X©^«8dttfc£*>&lim£:Jx> 0. 1-0. 5mm 

[0 0 2 1] 
[f»l] 

d = 0. 5A/(NA)' (» 1 ) 

[0 0 2 2] H4 J:t)>>m|l<B*fii»asi 2 1 ©& 

■T*H8Bli*CDT*J8a*JtAl 1 1 A^x/^gft^isji 

3 3fc»oT»3iU 1 3 2©t£rB*>e> 1 3 4©{4«t 



&m+2>. HC*x^E<E#lRlttffi8 2 1 ©BPJ!J6©3§ 
^A»&tHfcHHra*©«ffl'>^M-l l±0tt»l 3 5 
&*VT. ^^A©a^> JBWWGtfSSKSxyW 1 lie 

©f'-^tSSffi^x^l l lo^KKFlfflfcitJflfift^x 
;\1 1 1®/|-U77©^te), MS'i'xyNl 1 1© 

®&j>ft*im?&, ss->x;m i i©®te* 

[Rl©^Hi*iSi:bTs X*5>f ^UT^m* ^yXtfc 
[0 0 2 3] bfc#oT, 1 0 lli> >i>x 

^iitefriaitftffis 1 2 nf»6nfc«ft">xMi 1 1© 

fc^eniiit^bKfia^xMi i i©^jihS-r-5Yi4© 
SEj*ft{EffliWjia i 4 i i:-rs^->; 75«ip©0if fei>v> 

f£@S§^*-> 1 4 2®J£jttt®$£&<gaUK£l 4 3 
[0 0 2 4] *&, ^BW©^^-#*»lSfc«), EI6 

c^-ridtCv fiia^x^i i lomte^isj^a^^ 

*|SI1 4 2, 1 4 3, 1 4 4, 1 4 5T*iJjl^n-r§T 

*>, i4 5©i^{c, wtmnfai 5 o tsifia^x^M i 

l©^JHA s «^-§x|fii:^nt«TbiSp c a'i'x/M l l 
©^MIA^t-SyWlA^msSia^x^M 1 1©EHE* 

[RI^c<t?>^^v^^BS^P©^t)ffi^i©a^)«bTv^2»o ss 

[0 0 2 5] $S>t, ^m^-^ 1 0 l©t7x^EHg 

^iqj^aj^i 2 la, Msa^xMi i i©in]!fe^[S]^^ 
mi-shii]ii${cSp a p^xyM i i©*jsautft*«)ic 

i:^T*§?»©T\ SIS^x^M 1 l<0«aafi]8tHIHb 
TtfttBS, «x.it CCD U^T-fe>it©^^r^>^t 

^xaii i©*aiaflEfcj;6^ s«bfc^adffitg* s 

[0 0 2 6] El 7 •> x;M 1 1 ±©S^SA s i§ 

m^^^i 2 2 ©fltjERia©— *«fi<«*3^-r- mummx 

f^l5 1 fctttti^Jfi 1 5 2*>6/&S 0 iBJ^HHW** 
mi 5 lttHfcw-*-£3ClfflJW±©J8W7WlCfiRo 
TV^^,o tfttB*** 1 5 2ttf&J±jb>X£:bTl'>X7 
b^l5 3, U>X71/^©7-iJx^at2P^7-f 
;i/^15 4, 1/ > X7 1/ >f CD^tfil t fttliS 1 5 5 

[0027] @8 KMismwyt^m 1 5 1 ©«^0*^ 

-To CCT*. ^RHWfcttWffl^aiMl 1 1©^1 6 
3*>e>0«(tfc*|Sll 6 4it)W5Ci:^ii«t 
•So ^W^«i:bT'hMT*iSSttJ*©¥#fli:U— tf 1 6 1 
*fflV\ 7i"x;i'7 7 U XA 1 6 2 T-g»S3 1 



-U>h3ttHRW*RrtBfc:UTV^S. 8B<;x;M 1 1± 
4nti-l/> h^H^-rs^i:t<t 5f&lBl/>Xl 5 3 
©7-'J:x^gia£;fc^TiS!ffi7xM 1 1 l©/^-> 

S. M^^§#$%2:> t*ffilx>Xl 5 3©7 

ft?K ^ 7 ^ ;^ § Sti* ?.0M7tii^ 

ft<ft!3> JI4^&ffi^#<£T1-3fr£T-;&3 0 

[0 0 2 8] 0 9 fctftttlJt** 1 5 2 eDtftttHiS^-J". 
tfttfttfc** 1 5 2 ©tfctU*I 1 7 0 tt*BS 111© 
tgtPJ-T-fefJs «»**>M 1 l©jSD 1 5 6© 17 
Jr + >15 6CD»fSS"?i;\l 1 lO^HS— ft-tftft 
*-TS^i:A s -r-&. Rill ft 4. 

[0 0 2 9] EI 1 0 £&{±S§§ 155tLTCCDU-7 

s-ctata-rsfcto, lactate cd v—7-t>-y- 1 7 

lfc-&£:>>ttCIBB-ra. Sfc, -fe>1t©»fti3SI5#h 
ft* 1 7 2tCO^Tl±B?(J£Nj!J|5f??Ls Ajnj©^-* 

[0 0 3 0] 01 HcaH7-fM 1 5 4©fltfig0£^ 
l/>7C7l/-f 1 5 1 8 lC-ftl? 

tl0^7-fM 1 8 2#*fJSS1-5. 

[0 0 3 1] 112 IZ^my ^^154 ©SNffl0£7* 
■To «B**M1 1 l©afliJtt©»*ilKKb^*->*> 
h<Dmm% 1 9 1 ttl/>X71/-f 1 5 3©7— Ux£& 
B±©£P^7^;i/* 1 5 4tt«T?ttaSiJfl«jfttfll 9 2i: 
ft So b&#-oT, it^tiaWl7^;^l 54 

[0032] Qmy-ois* 1 5 4khu aae**^ 1 1 

^7^M 1 5 4 

1 1 loaflijttoifcsiiis^^-xpfeojfcttaau 

*i\ SB'Ji/M 1 l©SHH4©*SHbKb-H 
£ — >*»e>©|l#f3ifi 1 9 l©V>X7'U"f 1 5 3©7- 
*) *&im±<D&r$y 4 1 5 4&fiT-©*If!iJ6<Jft& 
1 9 2fcTV J E:=.**flC.fc!JtftUU &1 9 2C?t«L 

fcjMia^offiBSKtts**. iB«*nfe*ii 

^gP^*ffi&iD^5^i:fc<t»3s ^©gp^t^^fe 
•7xA«©|fefc*f/SUfclBS;«ffi^&f3l5SU 7*- 
©;* y c J; £ £lfl 7 ^ # mt t ft 3 . 
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[0 0 3 3] 013 t&XigOSffi^ji^ 1 1 1 fcfcfjiS 
Ufc*&R*acJ;4gSia7-f < n/^S1001ft^-r. #xs 
OSPp7x;\1 1 Uc»*SLfcffilH7^>^ftft«*SC 

&2fc»U tfcttil/VX 1 5 3 fc*fbTttB& 
»1"5Ci:tC«t»3, iTCIiCSfl^i^l 1 

[0 0 3 4] 01 4K$g«^fci57'>K^H7^;«/ 

* 2 2 1 Sr^-To »««©Xg©a>lffl7 ©TV K 
§W^i:t:j:0, £M7-f ;u*©»*«6*-£i:i>*T! 

-o©T> K2Sffl7-f 2 2 2, 2 2 3"C«S« 
ffllgOSS^xAl 1 lOiilU^-V*?,©*?: 

a&Sc-f s^ttf-e^s. bfctfo-r, 7>F&myj & 

^*ct«ffl?jiB*t57*-v9 i-©$<£jse>i- 
tK T>Ym&yjK**m.m-t%¥k%}i*fi><nmLytm. 

#4>ft<ft!K S*lAfflttfi6*«fiT-r*. 
[0 0 3 5] mz, 01 5tSP^*t<t5«^ai3fc 

?^i 2 2<D&mm<D-$mm*7fi-** tftmu^xtu 

TV'f ^70 U>Xg£2 3 1 ^T-f7 0l/>X2 

3 1 ©7-^x^11:^7^;^ 2 3 2 

tttiiSfcbTCCD V-7*>V2 3 3 £BEB 
Lfc^^t, 8?&Jg©i«0^7Pl/>X2 3 1 
Zm^ZZtlZX*), l/>X71/-f 1 5 3 £fflV^S<t 
»K S6K«/J\©*«lifttfta-J-S^i:3!)»Tf*4.. fc£ 

>X2 3 1T'«±ft<s &%3A,S£3fe©U>X£fflVNfctg 
^■CtittaS^ffiTJ**, SfS^*©-JISS^Jt:L.Tx' 
-f 7nW>Xff 2 3 lCt'i-f^SpWxA 1 1 105 1 
vX©raBSfc-&t)*€.Cli:K:«t t), ^Sffl«5S»Ct 

[0 0 3 6] brt>U 01 6©dBH&gfSfcjjV*-«t-5fcx v 

^7ni/>xs2 3 l-mntx-itmshy 1 1 1± 

©SP^fitft 5s Mis©*-* U >^«l6B:*fc** 
Hf, 2 3 6li^7Dl/>X23 l* s ll©i 

tB*iT-$>Sc u*»u «fi7i/M i is»x*+>i- 

S^hfci!), ma^ivM 1 l©±H^**sqISgi;ft 
5. *fett % 01 7fc^-r«t5fc:T-f 701/>X2 4 1 

* 2 8j& 5 v^iHS?U©*, if t) « C @B«-T 5 £ C «t 5 > 
1B9xA 1 1 1© 1X**> 1 5 6©^T-^Bf^4* s 
RJtlfcftS. ft, v-f 7Dl/>X2 4 1©7-Ux^gi 
®t^ffl7^;i/^ 2 4 2^IE®b, tftmstb 
TCCD'Jx7t>1t2 4 S^iBBbTV^o 

[0 0 3 7] jfcfe, 01 5lC*^V^•C, ffe©IISIE^J £ b 
T, 5 llz;VV7,ftft)s—>?*m^~cm& 



(6) 



(7) 
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5 2 3 3£^ft«j£fW®T*&mT5£i:#T*t.5. d 
[0 0 3 8] «±fc#^T* ^F^7^;i/^^fflV^i,J©A 

*«&*x;\i i i(D®mjjm&-%.X'ffimztiT 

l lffl^tpj^-g-y-sctctt), ffiH^-r^tftttltfTsr 
IfetttZo b*U #«B«>^M 1 1 ©EKs^lqlAmi 
*fc2^T!«j83;h.T J9S»>*->M 1 1© 

i«EU>**->©;£|qi*>Bfe5fc«K M*IA1 1 1 

Ell 5, G9 1 7 C^tv-f * o 1/ >X4ffiv> i MB 
-f SSSISI?-* ;i/*i£{te3:bT^&fc», <@^©SHl7-f 
^*«i!>x;\l 1 1 OllWB*l«jC-&-B-|5MBf n«A 

ffi^^M 1 l®Bts#|q| (t'j77©§fifil) 2 5 
1 £-^M4MfttJU3fc4tft 1 22 (253) £2 5 4©«fc 

atiateu 2 5 2©;m*fl£-rsj&ga s fcs. &*>^ 

V-i'^Dl/>X£/8V>.g,*l-&T-fc, HA9x'M 1 1© 

lute^iai 2 5 i iz^mmmxmm i 2 2 smtebT 

^MV^o dCT-, 2 5 l©^[qli:2 5 2©^[pI(i|S]— T* 
$5. |§Hgfca:«*4 5 0 Tf*t) % H18 0IH, EME 

[0 0 3 9] 2Hl:7-f.n/*Sfl§^s»&HU Mffi 
i i±®^ijiflfci&£gb>^*— >SB©tfcS&f? 

fctfoT, «S">^M 1 l±<D«BiJfl9a:«bSb/'^- 

U7tt5. bfrb, £©»&* 8a>>x;M 1 1±© 
^©^M^S^-^-TSCT-ttSK, fc«49£oJ£ 

*->©#v^^y©®jg-efcfc, c©.*^ uomoxl 
as * 1 1 & ^ - 9 -t s « «■ t t» tt x s v > . 
[0040] jkc, n i 9 1 &&ytmwiz£zmm&im 

£4#83f!lim 2 6 1 i:tftW#!£*2 6 2tLTl/>X7l' 
-Y 1 5 3 tlklUM 5 5*e>Ja-3TV>4. C©7j5$£ffl 

t5. b*>b, H2 0CS%-rj;^tefi3WIIWI»m2 7 
1 ttffllHl7-f ^**«V>3teVM/— lfJ(HBH*ffl2 7 2 CJfc 
^T«UtttlttJ«<^ *fc, llfll)i;M 1 1±©«BIJ 

--T\ »»#&©«ffiffl*tt*ft»>x^l 
1 1±©±T ©>** — >©£—*«*«¥ 2 7 3lci;o 

[0 04 1]*K, H2 l£$x>\JttRtteSlcJ;S#l« 



1 5 1 fctfttiB*** 1 5 2 *» fe^ft. ««FHB9!#*« 1 
5 KiEIK:^1-J;-5C 1 fflW±©^W7'l"f fcjj&^T^ 
5= tftffi#3S»l 5 2{itfcffil/>XfcbTl'>XTW 
1 5 3&6Wi^"f >D1/>X», t&fcBl/>Xl 5 3© 
7-Ui^HStSI8l7-fM154, ttWV>X15 

3 ©isfcttiifcttms i 55, tftm«*»6©tt 

2 8 2Kg3tt1-4. 2*kl©Kft'>x^ 

1 1 1 £tfcffibfct£ffiili^2 8 1 4: l#£3©851tPitt2 

8 2ftJt«iaiS2 8 3CJ:»)Jt«-J-*ci:tJ;e», *» 

M£2 8 1f±, ltfeB*)b<{ilfiHtjffl2«ca©I31tIli^ 

2 8 2 fcJtttf*. *SOlS0!-ett» 21817 -f** 1 5 4 
£ffl^T^*->©t*$R£'i>&< bT^.S. bfctfo 

[0 0 4 2] 022 c#*4»*=* i o i zm^tz*m» 

FA (Factory Automation) ©->XrABSSt. SJfin 
<7inl 1 1 5— M^fLSRlfg^— KKiS^^— >a > 2 

9 b SI WlfcJtlS tfeSI^ 3 - i' a > 
2 9 2, I^S^t 1 — ^>a > 2 9 3, »r-y3> 2 

>^;i/ff©ffij@imtJ;»3ie-&*nTV'»5. —was;*? 

— ->3 > 2 9 1 t»73 7^r-$/3> 2 9 2 C*JV» 
^^^©^^©iS^CVDIgB^xyT-V 

^SlSfciftCttH^-* 1 0 1 £}*ttbT, ^Bl*l© 
J*»E«Sfr&3. 2 9 6, 2 9 7<Di-5t7,r 

-^3>©tBAP©JRS*lc:*!»^=* 1 0 l£«ttU 

[0 0 4 3] fe#, **WH:BBi:±tfWffc*SV^T*^ 
>©E«fc*»-e**^4:H:a«ST?*4. 

[0 0 4 4] *K*»WK:«*/hS»»t=^©flll©* 
frWS«(E«*ia 2 3*6183 2^fflv>TattB^-r?,o 

[0 0 4 5] WT, *mmm<DMl&Zm 2 3 $:fflV^TB5i 
B^-T?.. ^z»{*v-if 1 111, 

^U>X1 1 1 2 S x«l/>Xl 1 1 3, «^1^>X 
1114, yffifl/>X1115, 57-1116<tD 

maLtstiimm^mi 110^, stu>xi 2 1 

1, 122b ^7^^-1 2 1 2, 1 2 2 2, fi 
M1 2 1 3, 1 2 2 3, 1 *7c^tB^ 1 2 1 4 , 12 

2 4,t&«j*3n*ttm3fe**i 2 1 ot ^x^^ 
?si30b sn^tftaisi 312, sKi^eB 

1 3 1 3 £ &i(S$n47r-y* 13 0 0 
A/DB«MS1 4 11, ifliil 4 12, 2«3C 

5 tb biass i 4 i 3 , - ^m®mm mis 1 4 

1 4, ^^->«^=EiJ 14 18, 1416, M^)+S 

f/tvun, 1 4 1 5£*)m&tt?ti&m^mmm 



(8) 



f*H¥5-2 18 16 3 



i 4 o 1 t, fftejssi 511, ^ML^m^mm 

15 12, ^-^^'J 1513, ^-T^Dn>tfi- 
* 1 5 1 5, =t— *&j%?M 5 16, If«fs77-A 
15 17 J; aaWtSfta^-^ffiJUR 1 5 0 1 fc£ X *) 

[0 0 4 6] mmftmzki i i ox-it, y* i 

l l ia»e>a*ttibfc3te#* ay* — ^i/>xi l l 2tc 
J:5sp®ifiC«:»)xl6ttl/>Xl 1 1 3 fc«fc t) x#rp]© 

^lAtf^nso xit*u>xi 1 1 3 .t^wmufc^tt 

I*1/>X1 1 1 4KJ:5x#|q|tt¥f?fc3fe*o*!>sF 
HStfc, y*lRjtt*^^n^o ^©myffiffcl^Xl 1 

1 5 <fc t> y#|q|©# 3 Wf3fc*$TJffitt*n4. *S*l$ 
t, x, y#fafc*»¥fT3fcJllo*»)¥ffl»T*?> y#fa 
fcJ^fflSLt©*:-**:*!), 1 

0 0 

[0 0 4 7] 02 4tPM^l 1 1 0*x*ra*>6 
y#ft£l±, £^ 1 0 o i±(omw^ 

% fc> *> x ^-ffil * y ^[qj & WS£#*fc & o T V» £ . 
[0 0 4 8] d^T, *Hffi^JT*tt, x, yUfatkW- 
ff#*o£ ij^ffl&fcbTKaiEbTOSi&s, iftftlWtf 

h;i/jWBW©Aflt®fcSiK fc£ S <fc 5 &fflftfl3fe& 
JfcftfbT^S. cfUcfcik ll«rtf»&©*ta#*^*- 
> *» & ©ttSMefcfcf UTffi*ffl9 1 IrI±-T 5 . 

fiu «B'-rut.sflji*Tf»*j»5tt«:<s ■*©«!©»* 

i&ftife-SVMittn, R<i§#T-fcoT'fe;*:3SBJ3©gl$£3t 

[0 0 4 9] tftlti*** 1 2 1 OT-fcfc, ^lAlOOl 
±©ftiftll 0 0 2^f,WHibfc^m^iS!g^b>Xl 

2 11, 1 2 2 lie J; 5, %m7 4fr9—l 2 1 2, 1 
2 2 2, ffl^tSl 2 1 3, 1 2 2 3 5:31 LT, 1 tf^fc 
ffi^l 2 1 4, 1 2 2 4±fc*g«-i-S. ffl3fc«l 2 1 
3, 1 2 2 3fcfc, «JjK* Wl/jWHljBfflAWaCSfcfc 
3fe (Si*) SjfottbTV**. i©«3fe«ttx m%ait>t> 
©ttSL*fefc^*->fr&©»aifefc#bTffl»Wfcfl± 

[0 0 5 0] ifc, tftU5fr£*©ISfcl/>Xl 2 1 1 
Ji, 1212 6 £^bfc<fc?&3I'f&©l'>X£fflUT4>, & 
«VM± N 02 7£^bfc<fcd&S#T^ft;S!©b>X7 
W fcffl^T*.fcv^ v^-f *i©iI-&*>, JHWJte^l 1 
lOfcbT, 0 2 4#uqg2 5fc^b;fc«fc^5S: ;s F®^fc£' 
}$BJ^T-§S«fc5&:ft^£fflv^£>^l£r, ^F^7^r;u^- 

1 2 1 2, 1 2 2 2^fc»fcbfe«J*±©fflifc*lt4& 

[0 0 5 1 ] 028 tCJSW^*SimtB^m©¥iS 
H**-r. t*UWfc*» 1210, 1220, 1230, 



1 2 4 0, 1 2 5 0, 1 2 6 0 #«fctfl *7ctftffl» 1 2 
14, 1224, 1234, 1244, 1264 
EBb, £:^©jtilL:£^£::fcM— T-#-5<fc-5tCbT 
V>*. *jH9J3fc*» 1110, 1120, 113 

o, 1140, 1150, 1160 tt-tn-tn 1 

1 2 1 4 ~ 1 2 6 4 OttffiJi U 7Silt5 «t 5 t 
EBbT^S. £©fi|j$T*, £^v£^£¥fT#m?-fc . 
b^flST-Ilfif??. £©*j£-ett % -o©ttSE« 
^Cfc^bT-OOJ^B^fRl^^^bTVNS. d©^ 

(5t-o©^^Asa*©^(Rl* s e>^^nfcJ®-&, 

?gK7-f;u ; j'-±T-cne.«»©^Bjt«j;smf^^- 
>4>i«t4fe»ffiiBi7'f ^ - 1 <t § 
^a&s****. i©i-5cjbww«**:a[<L*» 
c©a3fc«*tj;t)»a-r^**m^fefejtofcbT 

b*S£fc£&*. -o©#|Ri*>6«lwrSii:K:J;t) 

[0 0 5 2] 7,7— 1 3 0 0 T-ii, 1001 
Sr^i^ffi^lSl 3 0 l±Ctilfet, fr^WS 
?H13 0 1lix*fit»it4. ' ^/n«63£ 

*ai 3 o i a, mow-mmm, uttsuttt, j$Bt& 

©©•feo^^trfeSo fc*>?>A„ *»fl8©R«rt**« 
Si&^tftHJIS 1 3 1 2 fc J: t>x £^ 10 0 1 t*ft 

wiz^zmmtommtimfezti, *©igjRfe«t:g» 

«t^W»* 1313CkD 10 0 1 fc#IPJ§££ 
S««i:©ffi«**Ktta:««t5IW»*ns. z©SWP 

*^©1 3 0 l©»«tct^T{i, ttSEtfC^IB-e 

[0 0 5 3] fl^3l« 1410 T-ii, 1 *70»ai« i 

2 1 4*»&©»m«^*A/D*tji«i 411, mm® 

S&l 4 1 253131 b, 2imbZtitz 1 try h©fi^#5 
x 5©2*7cBHftta!)tBbillSl 4 1 3tS66ix» HC 
*Lfc>iaatJ:5^^->S«l*l«ilttl 4 1 4KJ; 

Hiaft^P (0, 0) «T©5£ (»2) 

i-Ti.i:tp (o, o) <vm*i*m<®)£mmu wt© 

SC (US 3) * i:*l*f"rs. 

[0 0 5 4] 
[»2] 

P (0, 0) * * P (i.j) = 1 (ft2) 
|i|-2 
J J 1=2 

(fcfcf L * ts J: V * liMTR) 

[0 0 5 5] 
[*3] 



(9) 1 8 1 6 3 



p (o, o) * ( e ru.j) ) =i ok3) 

IH-I 
IJI-I 
(fcfc'b ziil&BEfii) 



[0 0 5 6] flWdiifclSSttx 1 *tS«IH» 1214 
^t'JMl S^itfWX^'J 1 4 1 6fc»lfi§ft 

So ;ct> mtmwn 4 1 2*^^^*'; 1 4 1 6 

1 4 1 2©Htt*«»B9fc:**.T#<. C©«fc-5&le]g§ 
fitJf&C «fc 5 <&K-H>&tttt** b&# 6 HBfttittf/JtS! 
Ctt*£V^5ttJ|l£tt-3. CCTf* £©fS*«LJl*tt 

2 1 0~1 2 6 ocfs^s^a-r^fc 

to, flHMtilft 1 4 1 0-1 46 OjWftfr&iiTOi. 
[0 0 5 7] ^— 1501 T-fcfc, •£ U 1 

4 1 6 05*— **»&FFT|!»1 5 1 1 CiDfllJvs* 

'j i^$n> itoxuttMiAiBiai 5 

1 2C.fc»>^v:/fH!©MU5Sb»;m£3ixS. 

TWfenfc**^-*!***!^*'; 1 5 1 3cas«»v 

75-A1 5 1 7<fc t)5fRffi^* s di;*ftS. 

#**a©»£«HftiI#U 
1". v^*p=i 5 l 5 «fc bJg^-TS- 

1 5 1 6KlHJ*^n5„ #*6HljT?tt % ^*->© 

T-i'i^tU 1 4 1 6fctttt*ilTV^. d©:r-* 
fcfc, £©^*->fflTttJW^j£*^bTV»&l^£4: 

T, £©*§-&*>, 75-A1 5 1 7 J:»3Sa^mt-. 

[0058] H5it, e-^jiaa* 1 4 1 o t^-tm 

If 1501 ©*tt£*Ma&«»^*->*IWr*£Sj* 
"fo f-i'fflifJ 5 0 lT'fcJU ^xvNf*]©^ *:/©;&£ 

9 £ btt^fijffl bt * yfflmvim d s - > * 

KtBiJI»SbT^4. C©«Sf6tt, B5 1CwbftiBC 

[0 0 5 9] ;©HffiW> 2*7GlHfttZJ!)mbIll»l 
4 1 3C#*THflM!J>>tHUH]»l 4 2 04*"5. fiBfe 
tOUttlbElfi&l 4 2 OfcttOtJlilbaSl 4 2 1, 1 4 2 2 

av**jwsm 4 2 3 j^mmz ti&o ^©^Wbas 

1 4 2 1, 1 4 2 2tt N fe^JirgB 1 4 2 3£*fbTK#4 

±t-©^ * :7" t: y ^ p stnfete^©ia^^^o t> an* 5 «t 

a, f^Tlsm &{fefg¥IM^ 2«{bt<ti,^H 
W6HII/91 4 2 1, 1422 tttt«IKrffi 1 4 2 3 IzM 



*lfc£±lMKT-fc5#, #^0!©»&li*-tM X* 7 // 
mtbTs Ap£l. 5 BUR* AaJO. 5jKi;U t 
y^#l OmmlltLT, Aw ( = Aa • p) & 1 
2. 5iB»£:bT^So £©BHMOt>ttlbiai&l 4 2 0 
*»?>gj 5 W^nfeflffi, 0 2 3£^b&«^5&31^tc 
*&T««Sft3. 2&7cWi>Hibla]»l 4 1 3T?fcW!J 

S**Bl3©£*tU HDtUBbSlSl 4 2 1 N 1 4 2 2© 

tJfflblHlfiSl 4 1 3-*tt«D&aSftfeIE#JI2©fflfflSll* 
P (i, j) i:bTV>3©fc:*fU UDUttJbgBl 4 2 
1, 1 4 2 2ttt«I5asnfc*«SP (i, j) 
X^io -©P (i, j) (D1&t£ftmt£&1?.ttX^t>- 

>©*jff{isc i t-s wto<Dmm&& 2 Tf s^sns. 

[0 0 6 0] -©^T-ii, FFTHSgl 5 1 143±IF 
Mk&jEbffiBfc&IIIBl 5 1 2£«BS^-3.l£:#T-£6o 
[0 0 6 1] ttT, »#£H2 3££V->bHI3 2fc«fct>8£ 

[0 0 6 2] #$8BJlT-tt> JBWOI-»^*— >©»J«*n& 

ml s i ±©»«Bftia«]«»KT? b* t»/ha©*«T?« 

&i-ZtzV), ^^-VOHkftjBbttCWBbTV^*. 

iisttt£©*^©tgBa s ^£ftT^fco tc5 
ia*ttoiEft«ttfc it, ±>>3iMtft3iEft5i«sbfc#4«a 

V^V^*S** J *lfll!b&. tt&SS&ffil^ »5 , 

^o«**»Tfttx -JS> ^m* s ^bfei:§^;S©^ 
^^o< S^T-b£5qJt&tt#;&3, c©«to^, ± 

[0 0 6 3] fCT\ ^^EU-tCft^nSLS IK 

flbfe, DRAM, SRAM^TIt 8 0%tl±, V 
-f<7D3>tTi-^, tj^^ALS I^T-*>^<©« 
3 0%Jil±T-feS. C©<td^lt*T-^ntf, C© 

&im*)Kis®<D3mikM&.ffiifim%jX'&z>c *zx\ 

-©^«4®bfeo ^©^&tt, &m?4)\'9—<DWtfL 
[0 0 6 4] El 2 9K^bfcJ;a!&S*/'^-> 1 0 1 



(10) 
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b&»&, H3 OfcwbfcJ:'5fc»HiJ«ftG]lfr^* — > 
1011^7^^-1 2 1 2, 1 2 2 2t'I^ 
^CDIH*f/^-> 1 0 1 1&0 2 Q\Z7n\,tz^$ 
— >j&»6©lHl#Tfctcj;3fc©TJ**. CCT-> H2 9± 
tcg^jl 0 1 2tf«%U&V^ 0 1 2*»6 

©EHfriteBu «BIW*IHfrn*->l 0 1 1 tftMfto 
fc**WJWBttfcfc «*.ttH3 0±©/l*-> 1 0 

1 2 1 2, 1 2 2 2±T?le]#T>"*— > 1 0 1 1 
S*3&7-f;U*-£RttftBU ;^->10 14Ci 
fBfcfciJ|ift£*l 1 *7E«Hda} 1 2 1 4,1 2 2 4±T?fct, 
JMfel 0 1 2©t*fg©##E]l lCfcSfcttMSft*. 
*-£fc'fc*$BrafcJ:?K M4fe 1 0 1 2 ©fr#3IiR0<]{;:1& 

[0 0 6 5] > l 0 l 4©t:y^pi:ia 

tr;^->10l lCK^fl («ai^2*>fe*g|fel/> 
XI 2 1 1, 12 2 l-vA*f1-5IH#f^^->©^JKT- 

) mmnt&xi 1 1 o©*ftb 

r*#©«fiAfcbTWT©5S («4) "e^Sixa. 
[0 0 6 6] 

[R4] sin0 = A/p (»4) 

t?t> p#/j%swa ire irtt.t>^>, l 

S IASi^eSWbU p* s /jx^</ c f^Sif|i#f^^-> 
©<9i±*£ <&9iS£^l'>X2 1 1 CAfif*-*IH*r-n* 

[0 0 6 7] Hfc«ffi©»&* 1*^->10 

i o©jfc>i*u:£fc>ox*{i^tyfS±£fo£&v>fci&H 

t oiift"* - > ft***- s «fc 5 sissia 7 >r 
j$;bT*K *©7>f ;i/*— #m&]s>z<Dffln±x&M 

xa«©E«T - > 4 -T^Tjfofe-r S J: 5 7 -f 

5 C i: £ £ t) -f ;v^-©3£^*« < c i: 

[0 0 6 8] d^T% #$PJ3T-f±s >X 1 2 1 

2, 1 2 2 2izm9r&mtm<?>i'>XTis<i &m^zt 

W BU /JxS©^^* s «fiS,T-^Sfc»7P'^^^ 

v^gW&ii^-S&tctt^fflft^&bSiouvxr 
W 5. b#b&#&#»ijreB:£IHI:M 

X7 l"f 1 4 7 - 'J x^Itf 



Xi£, i©a*f^{bS©V>XTU-f CSS7-(M 

-*m^zzt&x%zz:tizmEi,x, fi«f*asflsa 

feo «SIH7-f;i/*-©llMt. #fflfct±i&bfci)©t|i3]- 
T-fet)s §i/>Xlo io(c±ili©sra7-f;b*— SIS 

£Hl7-f ;u*-©{Sg{±0 3 l t^f <t-5tu>X©it 
ffi-(Pi|©^®t>5;i.o 

[0 0 6 9] 03 2t2ffl7-(;i/i'-0itt^t, 4$ 
e*1Bfflt:*»offi*©y^->fc»u»jRftHi-J-lc 
(±1213 2 (a) £^bfcitt§U:©*>©#<fc^. - 
©eS±©^H7-fM- J: &^*->i:©#S'Mfg£ 
tB-rtc{iH3 2 (b) C^bfea^JK«©*)©* s ^St 

10dfcBI3 2(c) (C^fo 

[0 0 7 0] HI 3 3 fcRtt©tfttti0!lfcjj*-f . 

[0 0 7 1 ] CiT??Sai/J^©««rtft3!£SS«*^3B-r4 

±X\ c©^Hl7-f;i/*-ftfflv^fc*JSI±«e*a«r (W 
W&MBSffl 6 2-8 9 3 3 6f) fcij* bfc«#tftWiS «t 
•jjgbTV'-lx, C©a*SEI3 4s 3 5s 3 6 £fflV>T 

[0 0 7 2] K»t3te*flRWU*«P*»e.©«!cja J ifc*tftai 

? & umx- a, s£i|s4*ffl c»** nfc-'^ - > * 6 ©* 

SbftAV X£&£„ ^©y-fXJi, 134 (c) fcjjs 
bfcJ:-5C«tti»2 0 0 6©!IJtS (loofif tLT» 

>f XfflC&*^*->tttm±««£fflK^J*S*iTV^ 
Sfefe, XttiliS&IM X£Jt0"JbT;*:£<&a. 
[0 0 7 3] -7jT% lll*B^£Wa^*l#IHI#*»;fr 

< rsifeB^**. bt^oTs mm-y--( b 

T> y -YXb^l/fc/h* <-r£j&g#&S. i©y^X 

>v** ->*»&© j*«*©»*fj v itffl£m®ffl¥&M 
1 7-2, 7 7/8 2 (1 9 8 1) C, 

MtiCfcCioT, ^*->A»&©«a3te (^X) 
SMaiS-B-aci:**"?**. i:C5* s -©*«t«fc?>«c 
a^6©i«S*{i> ±BB§fc*KlW*f$nTV^sa!J, &HJ 
«©*rac«#r*. c©feto> *S**#*ftfflv\fcJ: 

©MK*4«^?>i:«S^(±0. l%*»e»0. 0 1% 

[0 0 7 4] ^ftirttU ^UJISlo^P^^^;!/*— Sffl 

v^fc*^£T•^±, ms^so. ooi%*»e»o. 0001 

%^T-t2>. i©S*&E13 5, 3 6*m^Tm.W? 

s. nojSb^*— ^©jBjEaisn&^ai^a o o 1 %m 

0 0 2T-OTU BSWbfc^*b>XlS2 0 0 
3, 2 0 0 5ftfflV^TtftHJS2 0 0 6 tKSfft-rs. 
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T\ SS^7^;i/^-2 0 0 4SiIbfc7-UxtM 
T-©;1# — >*>fe©Wffift©^K#*P£EI3 6tC^-T. 
mVteL^f — yirb (DMthMZ^P - > © £ y 5=- fcjS 
bfc&Btc*'*'-^ £©**©tt¥£lltiibfc0!li:b 

b-n*->©») ##<£*i«, 

5= J$W£*ifc^* — >©)l£R&a (x, y) h~TS 
^H7-r ;i/^-©tie©^^K^{±F [a (x, 
y) ] i:&So aH7-f^-©M*p (u, v) t 
p (u, v) *F [a (x, y) ] 3»H:7 

iii$&0^©^tt£ — p (u, v) h-r^h, — p 

(u, v) *F [a (x, y) ] fci, ^7 ^ ;i<*-£ 
£ ^TifoteiSFft* S. C©2o©J5E^©J±* 

* s :Sfc©M*£* ^^->CD*!)3lbftA s 3CD«f© 

c©M«*^^i±i-rsi:o. o o i%mmx'&& 0 uk> 

$gb«#5©ll#0. OOOlJJifiC&O, 

«b»*^<?-ftttttS*B:(£T-rs. ftor, amcs 

[0 0 7 5] W±©ft*BU ^^-vTOv-eci© 

*f*#3«fl«j siii©figfcif£* t 

bt>— SLfcuHTCBeZMB*. b*»b&#&s ffi^TjS 

[0 0 7 6] #C#»f!B©/J^«^-*©*fe©gSJte0iJ 
fcBI3 4*»e>BI4 7fcffll^TBM8-rs. 0 3 4l;:#i«& 
agg©^HJBi^-y--f XJ:7-f Xw;KDll«S^t. /J* 
SS*B*=*©W«fcbTS«'*®fl:#fc*. BIB 

(a) fca*tftm3fc^**^1-. >7^^2 0 0 1±©^ 
*->hll^*>£©m^£t&ttib>X2 0 0 3£}Ib 

Tn t&ais§2 o o mm§§2 o o 6*>e>© 

«tflfg^H:»taS2 0 0 6© llfflJMSfcttWjSftS. PI 
B (b) C»Hl»2 0 0 6© llHJRCffl^f 6->a:-'N± 

t, tfcfflgg©iIi5J&tM Xw, tftffl»OBS|{jRiii:bT«. 

T©S ®5) Twsns. 

[0 0 7 7] 
[»5] 

T= (S • t) / (w n) (ft 5) 

a (»5) «t»), *ai-^a*^3S-j-*fc«>ttt, w& 

*§<t5Ci:t, n**^bT*fl«D«fT3c:fc# 
ft^W^T'fe-So b^bs IrIE (c) {C^-Tiot, w 
$7^#<-r?>i:s wtit^JbT'7^n2 0 0 1±©;1* 



[0 0 7 8] fCf, — XV"< 

fcj**Mftffl#**©«j5!ciasjj*"j-. *mu>x2 003 

07- l Jx^HII:3H7YM 2 0 0 4£lB!SbT^ 

?><, y^xt-fe^^i^aooiiciibttcfes^ 

tU^->;&>e>©[!#T^2 0 0 7(i s tftttJb>X2 0 

0 3 4aat, "gffiy-tfrf 2 o o 4T-ji>t-rs. * 

fc s 2 0 0 1 ±0»»*6©»ft3fc2 0 0 8B:tt 

ffib>X2 0 0 3, ^F|7^M2 004, *S&b>X 
2 0 0 5ftaabTtftfflS2 0 0 6T?tftHi$nS. 
[0 0 7 9] ^if, E13 5©^P^7-f;i/^ 2 0 0 4H 
t43(j-5/^->ESf^2 0 0 7©x#|qJ©3tegSiK#*l> 
S0 3 6{C^-T. PHat^JV^Tx ^Fl7-fM2 0 0 4 

©SjIsp^ (a) (B) fcffliS-rs^*-> 

EUt#2 0 0 7©#3£fi©J£, 1P*>A : Bttl : 1 0 = 
fc&>3, !SH7>fM 2 0 0 4*»lt«Ci:Ci9, 

;i*-w-fx{g,ts£(± i/i o^gs&a, tftws© 

miBiM X*sp]— <fe*x«, ^YXftJlu^ttlO' 
IrI±U JMMftlti***>lRl±t-4. bfctfoT, j|«rift 

[0080] £1:43, m^y >( )Ut>X-m%,X-g&^#— > 

[0 0 8 1] 0 3 7C^7-f;i/^MWbfel^(Z) 

ta*3fc^*t*J»J-S«ffil/>X2 0 0 3tt|g«l/>Xt. 
*^aTV^2,fe^s^ > *SfftU>X*i2«i:b«:Vv 0 t^|±i82 

o o 6*>e>©&t4j{g^#*ii«fc!K Mf3©^m{i-?-*s, 
0 3 8 cfcasoraa-tM xfc#sijjt©H«*jj* 

S^^^^->^e>^bT#&J^-Sfefet«, #gijjt 
mammal X&20jum&,TT-&tll£$L\,^ttft>i)>' 

o 

[0082] diiz, H3 9izmBMmnt.tkmmm^ 
-to tmmmT& s itiLx, by, wtaim&mmv 

©s ®6) fm^na. 

[0 0 8 3] 
[»6] 
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T= (Lx • Ly/w ! ) • ( 

x, WyfcLTtTRDSC (»7) X'wZtlZo 

p = p 0 • (w • Lx) / (W 
ZZX', Wx = Lxffc-5fc«>> (»7) ttSC (ft 
8) XmZtlZo 

[0 0 8 5] 

[ft8] 

P = P 0 ' (w/Wy) (ft 8) 

P t =T • P 

= P„ • (Lx • Ly/W 
= K, • (1/ (w f ) 

(ft9) ±»), 5S(R10) T?jj**ft«. 
[0 0 8 7] 
[ft 10] 
I =K 2 • P t 

= K, • K 2 • (1/ (w f ) ) (ftl 0) 

5$(ftl0)«fc?K Ittw f ©Hftfc&So 
[0 0 8 8] tl±0*g**Stlx O 4 0 C=gg{±«£?£ 

BIJR*-fXi:#g!lit©M«x HSUIM X • tftfflS© 
Z D v ^ffl^ftfc^ffiff *©H«© 3 SIC i »3|gEMtt«l 
#Ulf, 2 0#Otft*I^M*^-i-Sfcii) 
M*1MXfcttaSI$lffl©H«.fc«K tftHiSO^ny 

^ju^ft* 2 mh z tfte-rnif , *ttisoiffl*-y-^ x 

ttl3//mT-MV%. -£©B#, IBSR-IM Xt#«lifc©M«J: 
i3, 2//mM^©^^->*^©#SUtb(i2T-$)t>. t\ 

njiiioniiieftt, bbimmx • vtmmmx-Vi 

fc, 3o©14t&|Sfc.fc!K SEB©1ftffil**Wi£i:««EI$ 
M©tt*fcffifcfcife£?- S d i: #T- § -5 . 
[0 0 8 9) 14 1 tt£M7-f ;W*fcfcffl^fc**rtftfcB 

SSK'i'i^ 0 0 1©— |fc£*2 0 1 0T-mSh'i>^^2 
0 0 l±ffl#tfti£Tgt&fc*J&fcJ«oTV>*. -£©fctfK 
H4fcttU£¥*ttMH3fc¥* 2 0 1 1 fc«WM63S*2 0 

ttmo^^&ifi 2 0 0mm©«-&{COV^TJWT{C|ftWr 
S. m%.i£s 8i-s» NT- £ iA2 0 0 l£HS8«Ef 
Sfc»fcH\ U->> h®J{Rqs«mSVttmfR«2 0 1 
2(i, 2 5mmfrn«JSlV^ Ltz&^X, tk&tt&V 
iAtf0 1 5 Ommffll^ 8a-'^ h©d*> 6.3.— 
f hftffivvftttfi^. U='nffli[Hm20 13 
BU i&tBl->X2 0 1 4, *&tt!l/>X2 0 1 4©7->; 

ifE»iSKaaii*n&a»mi7-f;i/^2 0 1 5, ttmst 

LT U-7 , Hr>U-2 0 1 6 T-fltfifc£:JxT^6. f^ttlb> 
X2 0 1 4©^Jg^a5*««ai««ti)**v^-&H: % *n 



1/f) (ft6) 
[0 0 8 4] 
[ft 7] 

x-Wy) (ft7) 

fflBMIPtaS (ft6) £S (ft8) <fc»K S (ft 
9) T-^StlS. 
[0 0 8 6] 
[ft9] 



y) • (1/ (w f ) ) 

) (ft9) 
ifi«©Hiafc*r£5fc%£&ttfcEB*3c:4:fcJ:i> 
*:n>\2 0 0 l:£ti £>£i:A s T-§?>. & 

tBU>X2 0 1 4 ©*M2lf Stf&ffitlWT©®-^ fe5 

icitmuwcmw-tzztifix-gZo zzxm^x^z 

&r37<OV* 2 0 1 5 tttftttttfe** 2 0 1 3#*>£5tt 
©»•&«: 4 i=y H*J«*2*ateEU tftttl#**2 0 

•;^r-fe>i?-2 o i 6*»«>©^m«^tt«^tii©s 
(BUflO 2 0 1 7T-®3I;**U M^-^tbTm^-r 

[0 0 9 0] fc;Jb\ «kffi***2 0 1 3 £»)«©» 
2*k 2 0 13 tfttMtt<Z>a-&t£ 1 fi© 

3ilH;M,n>* 2 0 1 5©2fcSUi* ^ia2 0 0 1CPbI 

pita DfT-SjaB****^ xii c&f$^ a, 

[0 0 9 1] *t:*sat«o-5%©tt*©-«*^t'. 
HBfflJte^Rtt, MIH3te»fcbT**7 8 Onm, ffi*;2 
0 0mW©*ifl;U- !fftfflV\ mwftxM&m&±i5 
*^6 0° -fi^vtcc^ 6 x 1 mm l <D / m$.-&mW-t 
So tftttJ^fcHU tfct±il/>Xi:LTiS«b>X (5 0 
mmF2. 8 tfcffifg^Ufg (tUjNA=0. 

1) X&ttilrZo tftffiS-tttillBlM XI 3/zm, Bill 
ft2 0 4 8, IBK)Ml^ft4MHz©CCD'J-T-fe> 
It, fcS^tt, »»#8'Jtttfc©*^mX-iMX7/zm % 
H?ilft4 0 9 6, Igti;Jl^ft4MHz©CCD'J-r-fe 

[0 0 9 2] E14 2iiyl^ — >y^X^©^i>>\ 

me^jsc ot z>mw*7fi-t-mmx$>z>o ^200 

l^lfitS^ i>xa2 0 0 1©^* — >*£>©[l#r 
*4*xm2 0 0 ltCjfcbTEHE-r*. Lfc^t, M 
t)itB*^2 0 2 ltMbt'>xA2 0 0 lA50teL 
TV^i:, M«ffi*fI2 0 2 lOffilHI?^ -M*©*- 
»^?>^x;\2 0 0 1 ©>^* — >a»e>©ls]jT##« 
Jlt<5. Ifctfotv £>©II]#T;>fe©«§ft# 
-r&fc>*,/t*-w^X}te«, 2SP^7-f ;i/*©jSifc«i: 
<i7iy\©|e]te^JE©Blftfc'5:S<. - -i7^^©|5]te 
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ns. e it, mmkm^m 2021 ©*<c^ 2 0 2 0 1 

•5>^J\2 0 0 l<DQ»bU2 0 0 0©^!J8£a|-r. biP 

u ^^^©j&^fc^/^^^©.!^^ 

[0 0 9 3] «^S©^-^i:bT©^§*f Sfe 

o 

[0094] mmuhkhu tttHH*iM x©*£ sti 

Dx tfttUl/>X©NA*e,ft^^tism^SJ:!3^:§ 
[0 0 9 5] fcfcMiSilM ^ifiikBim^-( Xi S 
b, 3fe©*ftA, ttffiV^XOHnftNAfcbTWT© 

^ (mi 1 ) 

[0 0 9 6] 
[ifell] 

d=0.5 • A/(NA)» (»11) 

it (mi 1) C*^T» Witt, A =780^, NA=0.1 

©*§-&« d=39//m£:&£„ »ailll*tf-f X#*& 

©it (mi 2) fg$ns„ 

[0 0 9 7] 

[mi 2] 

a' =0.61 • A/NA' (mi 2) 

5£ (mi 2) £:fcttSNA' fcit (mi 1) © 
NAfcftVr**:* HW©«l^«5RKd#»6ns. 01*. 
Hs a' =13/zmJ: NA' =0.037fc& »K d 
=285jum£ i Z2>o 

[0 0 9 8] bfc#oT> »m»©*iBSlMbfc«fc»K H 

[0 0 9 9] i4 ai^i^T-^O^tiSMft 
»mHJ*©«<hft^-r— WHtfife*. A=780nm, NA 
=0.1, ^ttSB^i)-l'X13/zm2:fflV^»^r©5 > umM 
^ffll&tti&^CS'fbS^bTV^o HU0<fc»K «UfttiSRK 
fct ± 70/x m-p 3 . £ ©fittttfc til 1/ > xogg PS4> e> f& 

e>nsa (39/^m) fcttttnajts^x^feiffenitt 

(285/zm) ©fffl©{fifcfifc-o-£V'>S. b£#oT, 13/z 
rndftWHUKIM Xtt 5 /imlftCW UT+#*& < ft 

[0 10 0] JiLt©J;3K, ttau>X©R|P«ft/Jx* 
<-rscti:x t^miii^1ti'XS:^;# <-fZ>zhlc J: 



[0101] frbMm®*:-'? 'J >^StfflV^ 
5PSS)Sf SO 1 v b CMSf t. *i^Jhi)t 
fJ{i^4««c4+^^H^f * § i a fcJStf > 

a ictt t>Si*> «*U(IW8#Rlft*«lJ«i: 

>Hlfl©ftS#*<&4. bfe#oT, W-{PJ|{i¥®^T^ 

«8PJ!©-5-^ A©ftV^Bfty*B, ^-A©& 

[0 10 2] l-3B©#S©«JEEftlS4 4fcjj*U PJ0 
(a) Cx*|qi*6*&*J«*^U HE (b) CyS 
iRKP&JifcWfiRft^-r. iMW*:V-lf 2 1 0 1 

©»#j&2 1 0 0©Sl^|Sa**x*|5l, »*jS12 1 0 0 

* x^±K:^T PfljUfiRRqS'Vftiitf Sfli3yiRI|iic«:2 
«t-5t: A/2ffi*#A-rs„ 

[0 10 3] mm (a) ©x#|SM3u aMKtV— if 2 1 
0 1 A^ftftBbfc^ttb>X2 102~U>X2106 
£fflV\ ^*fttt-3-0*^2 0 0 i±*mw?z>o HO 
0(b) ©y^lpjtt, *a»fltl/-1f2 1 0 lfrfeStfcBb 
fettl/>X2 1 0 2~1/>X2 1 0 6 &JgV\ 

i£j/3RT*fc-r*. i©7?siix^i^©^msg^ci^ 

t)jitr-i:3t) s T-g--5©T\ ^0^©«^*-fb* s pItgT-fe 
So d©^«T-ttv x^[6]©^m$:¥tf^T-{i>&<feS 

t*it*x*|R|<t>iaiFf^^*— >tt*<3&S* s > 03 2fc 

T^^->^e.©mjT7 , 6^jg^-r-5cii:* j -t-^2.o 04 

5 tt0 4 4CD)R|l||jte99K*fflV>fe»&CDttUMttjtt¥9K 
© £ fS 7 ; V # m C * tt -5 >> i ^ ± © Is] Sf > * — > © ¥ 
®0©— ^J^^l". ■i7^y\±©/'^^ — >A>?>©[o1#t^£ 

xl=mmm, y*rat43pff3tt"C*4fe»y 1 =»//m 

izte*), y^(pi©^»>^— ytmttta^o ■^7al^^©|q]§ 

HJ;t>PI0 (a) {c^-ri-S^y^lRJctr^^-py^-x 
*IrI© tr >v =f- p x ± m^m-S fc 7 -1- © jfefe 

^ — >*^©Hl#f^^->{i|iI0 (b) (c^-Tidt:^ 
y*[Sl©t:<y^(±|B]0 (a) IC&ifZpxtm— T? 

S. Cl©<ta^C^ y*|SlCl]ST^^^ — >©t:^y?-©ftV^ 
5 <£ o t «> x^nCISi g ^ i: Jc «t 
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CtA s T-§5«, -£||]*T-H*->©fa£*J&T»> 

*^Mo«iS*ras*tftttiu JiiSHi j £©*a&iPi§©± 

£ftfflV>3. 

[0 10 4] 2oBCD*SCD«j«ftia4 6tS%U MB 
(a) Cx#fl*&*fc«j*ftjj*U BIB (b) tyj 
lRl*»&JS&«J«S^-r. aMMci/— tf 2 1 0 1 
o>%%&2 1 0 0©*fiV^ (^3tt*tiEV>) *[pJ* s x^ 
IrK ^^2 1 0 0©ftU#|pJ#y*|S!T-&So tzfz 

& 5 «fc *> IZ X/ 2 W&ft At 5 . 
[0 10 5] HB (a) ©x#|«0t±. 3M»teb— tf 2 1 
0 lfrfe*ft£ibfc} , efcfcb>X2 2 0 2~b>X2 2 0 7 
*fflV\ ^**«!5oT¥fT^{C-r5o (b) ©y# 
|fi)(i, if 2 1 0 ia»€>Maibfc3fcB:i/>X2 

2 0 2~1/>X2 2 0 7ftfflV\ }fe*ftl£f:F*xM2 0 
0 l±*mW-fZ>o b#U x3Erl«3©S6*jSl2 10 0© 
fl£* s i&+,umi:;KV>fc©, ¥fr3fcfc-*-«£i:#TfS*: 
^ClT-^?i2 10 0^ U>X2 2 0 2~1/>X2 
2 0 7, *S&V>X2 0 1 4ftjfibT^IB7>f 2 0 

suites £-5 Kl-TSo 
[0 10 6] H4 7KH4 6©HaW3l6*aftffl^fc»^ 

— Vfrfe©!!]^* — >©¥HI2ffl— #!lft^t= 35 
B7-f;i/^It:*iltS'>xA±©;^- >*»fe©EUfp^ 
* — >©1 x^[pJ{i¥ff>fcT-$>Sfc«)x 
2 = 1 0 0 AmIIJS, ySlRlttHHWJfcSlO^SSCJtW 
t5©-ey2=R+^mt:4!), *x;\©(S)§fc:fl<fe 

[0 10 7] itet:*^W©'J^S^-^©ii^tfttBS 

fc j:*a«wjka***©ffe©5asfi«ftiii4 8*^04 9 

[0108] fi^ttmatt^y^-vcR^b*:^ 
T? >> x a±is©±t ©^ * - > *> & ft #su u -c tfta 

[0109] in 4 sizmttiuyxt b-cffl#f**'fbss© 
i^>X7bi'ftffl^fcM^tti^^©«^0ft^-r. 

i8J*H8W3te** 3 0 0 2 fctftW*^ 3 0 0 3 A> fefS, 
4. #55JBI»3&9MS 3 0 0 2{±i(:^t,t9t lfflJSJU: 
©ffl7l/^ tfigoTV^i. tWa***3 0 0 3tt*Hl 
U>XfcbtflS«fbSffll'>X7L-f 3 0 0 4, fiH 
#5&?£bTil3Mg3 0 0 5, B#f**fl33!©l/>X7 
U^ 300 4©£&{£MfctfcHig§3 0 0 6*>fefiKoTU 

U >>Jc^N±«fttfttB-i-*- b£#oT, £:t;\3 0 0 
1©-W*fi3 0 1 0f)x;\3 0 0 l^Bfttfc*T-§ 



±*<t»3fTV\ «isi^^ h;b*»jHiui©AWiaicaittca: 

5«fc-5&«*mi# (S«3fe) Tf* ia3 0 0 1±*JHW 

©tfcSLTfett, JB#r«(b§y©V>X:/'W 3 0 0 4 ft® 
®»> IM3tefi3 0 0 5T-PI* ^I/jWHW© 

xmm^fitefsiftommffiyt) ©^ftaia^-y-, 
->*6©iRa**«b*i»3&»6©«a3fc*aiw** 
x, ^tBg§3 o o 6-c^m-rso 

[0 110] H4 9tttfttHV>Xi:bt:a»©W>Xft 

3*JRBU 1SOxa3 0 0 l©-«*3 1 1 OTfSHft 
^xa3 0 0 l^B^^pJt^fitfiEt^TV^. 

©fe©, m®&tmyt¥&&mwft&m 3 1 1 1 twaa* 
?S3i 1 3cm, ^aven^y mwcfcjsBoT^ 

5. tfc**)-*;*^*^ 2 0 OmmOii^iCOOTJirF 
Iz&W-tZo MX-lt, M-)i;\3 OOl^i 

ft tfcS-T la=9K5I«*«SVftffl<a 
«3 112li, 2 5mmtthK^. tfeibt, t& 
S*fil*x^#0 1 5 0 mmCi^a, 8^-'^©^ 

■fee ^--^ hftfflv>*i(;m^. u=y boftui*** 

3 1 1 3l£, &fcbb>X3 1 1 4, 1 1 5, 

bT'J-T-fe>t»-3 1 1 6T'flfJ5X£ftT^-&. tfc 
tBb>X3 1 1 4©^Tj-S556«tftai««fct»^:*v^»-& 
fcfc, **JB0S©raBUCw"r«t-5K-feif5ttlcBi«-rs^ 
tCiO^xASOO l±ifIftat«1--g.^i:A s T-tSc 
&ttiU>X3 1 1 4©^.JBT(-iS#tftmBWT©» 

^ fesota, *xyN±ftK«-rs^*r&fcfeSP^ 

S©^tttigi|gtt{CgaS-rSii:A s T-&S. JfRflUJLc: 
y b 3 1 1 1 ©HBiBfcflEtt*¥36fl6^&*SLh3Sf J: t)ff 
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